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CLAIMS 
1-133 (cancelled) . 

134. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for the production of pure 
hydrogen which includes the use of : 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders* a next inner and a most inner one, having the most inner 
permeable cylinder te-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions of said components, 
including next inner membrane and most inner membrane, with the most inner permeable 
cylinder fce-fee tilled with a reforming catalyst in pellet or particle form yfrjch gpmttJn 
cp nta C t with t|ie reactant hydrocarbons, alcohols, steam and carbon dioxide, and inolud e 
in cluding gas heating tubes located along the most inner axis fo^ea^ng the patafcgt Jg 
the tempe rature of said reforming reaction, with th e ootalyot to be in polio! or partiol e 
femH with the hydrogen product coming from the reforming reactions between 
hydrocarbons or alcohols with steam and carbon dioxide te-fca continuously removed via 
permeation along the most inner membrane^ wherein the most inner membrane -is made 
from an inorganic or composite material, with the remaining reaction species te partially 
permeate permeating as well via the most inner membrane, and with the permeated 
species *o~fce diluted by an inert carrier gas flowing along the next inner annular zone, 
with hydrogen only te-be continuously removed via permeation along the next inner 
membrane and allow for continuous hydrog e n w i thdrawal continuous ly withdrawn as 
wejl out of the must inner catalytic zone ttft4-fo# causing for tht: continuous equilibrium 
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shift of A* said catalytic reforming reactions evolving within this zone, with next inner 
membrane t»-b© made from a metal or non-porous inorganic material permeable only to 
hydrogen, and with the pure hydrogen to perm onto perming through the next inner 
membrane and withdrawn along the far outer cylindrical zone. 
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135. (previously presented) The process of claim 134 wherein the most inner 
membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania, zirconia, yttria, and the next inner membrane made from one or 
more materials selected from the group consisting of aluminum carbide and nUiidc. 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride* 
tantalum carbide and nitride, palladium, silver, copper, zinc, tanudum, vanadium* 
tungsten. 

\Mk ( previously presented) The process of claim 1 34 wherein the feed 
hydrocarbon or ulcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-hutanc, i-butane. methanol, othnnol, 
* propannl. butanol. naphtha, gasoline, natural gas, coal gas containing methane, landfill 

gas containing methane, flue gas containing methane, bioma«ts and sewage gas containing 
met banc. 

137- (.previously presented) The process of claim 134 wherein the combined 

feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a t'JU and CO; mixture, acidic natural gas containing ClUand C(h. coal gas containing 
(1 U and 0O 2 , landfill gas containing CI I4 and CQ2, biomass and sewage gas containing 
C I I4 and CO*, Hue and waste gas mixture containing CH4 and 0O 2 . 

138. 1 currently amended) The process of claim 134. with wherein the reject 

c< it «iuvam from the most inner and next inner annular /ones is subject to a eoodi'nsniinn 
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slop which removes steam from the said reject exit stream, and subsequent) passed 
through a membrane permeator wherein ihe hydrogen and carbon dioxide gases arc 
separated by permeation via a polymer or composite membrane and the non permitted 
hydanrurbons, alcohols, and carbon monoxide exit from the non-pcrmeale side of the 
permeator as a reject stream. 

139. < previously presented) The process of claim 1 38, wherein the reject stream 
from the permeator containing each one or a mixture of unreactcd hydrocarbons, alcohols, 
and carbon monoxide is fed in a consecutive steam reforming reaction zone for additional 
production of hydrogen and carbon dioxide gas products*. 

140. (previously presented) The process of claim 138, wherein the reject stream 
from the permeator containing each one or a mixture of unreacted hydrocarbons, alcohols, 
and carbon monoxide is recycled into the initial catalytic most inner reforming /.one fur 
continuous reforming reaction. 

141. i currently amended) The process of claim 134, with wherein the reject 
exit stream streams from the most inner and next inner annular /ones to have the 
contained steam removed by condensation and subsequently passed through a cryogenic 
separator*, wherein the contained in stream hydrogen and carbon monoxide are separated 
a.< gases, while the hydrocarbons, alcohols, and carbon dioxide are separated as 
condensed liquids and after heating are recycled back into the inlet of the preceding most 
inner catalytic reforming- zone, with wherein the separated hydrogen »ncl enrhon 
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monoxide product mixture coming from the cryogenic separator ijj used in 

following listed consecutive application.?!, for fuel gas in solid oxide and molten 
carbonate fuel cells* for fuel gas in gas turbines and gas engines. 

142. (previously presented) The process of claim 141 wherein the reactanl 
hydrocarbon is methane and the reactant alcohol is methanol. 

143. (currently amended) The process of claim 14 L wherein a pun of the 
separated liquefied hydrocarbons* alcohols. erodA* aod carbon dioxide components from 
the cryogenic separator are mixed with steam and fed into a subsequent reforming 
reaction zone for additional production of hydrogen and carbon monoxide. 

144. (currently amended) The process of claim 134, wherein the reject exit 
stream consists of hydrogen, carbon monoxide and unreacted steam and enters as a fuel 
gas feed into a solid oxide or molten carbonate fuel cell for continuous generation of 
electricity, wtth wherein part or all of the permeate hydrogen coming out of the preceding 
membrane zone te~be is. fed as well' in the fuel cell anode inJet i n ord e r -4**-* prw*k> 
P Wilding for the supplementary hydrogen fiiel feed. 

145. J currently amended) The process of claim 144 wherein the flue hot gas 
emitted by a lhs fuel cell is used for at least partial healing of the preceding most inner 
eauilyiic reaction zone. 
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146. (currently amended) The process of claim 144 wherein ibg Hue hot gas 
emitted by the fuel cell comprises ot' steam and carbon dioxide and is recycled in Ihc 
inlet of the preceding most inner catalytic zone for use as a read ant in the reforming 
reaction. 

147. (currently amended) The process of claim 134 wherein the permeate 
hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell for 
amiiminus generation of electricity, with wherein the fuel cell t o b e is one of the listed 
types: <olid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

148. (currently amended) The process of eiaim 147 wherein the Hue hot gus 
emitted by the fuel ceil to-be used for at feast partial heating of the preceding most 
inner c«»lal>tic zone. 

149. (currently amended) The process of claim 147 wherein the flue hot gas, 
emitted by (he solid oxide and molten carbonate fuel cell, which contains steam and 
cjrhon Jtoxide. 4*4» is recycled in the inlet of the preceding most inner catalytic /one 
I'm use as a reuctunt in the reforming reaction. 

150. ^currently amended) The process of claim 147, wherein the fuel cell is 
nf a cylindrical shape and its fuel anode encloses the cylindrical pcrmreactor i n nrder tn 
»wt4v«* a»4 tfnn s Hm * by reeciving and consuming directly the permeate* hydrogen as 
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fuel, rtftd-wkh wherein the flue hot gas emitled by the fuel cell to b e is used for a! least 
partial heating of the enclosed most inner catalytic reforming zone, 

151. (previously presented) The process of claim 134, wherein ihc reject exit 
stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in a gas engine or a gas turbine for continuous generation of electricity, *vnh 
whwpjs part or all of the permeate hydrogen coming out of the preceding membrane 
/tine to4v ij fed as well in the engine or turbine » *> order to provide p roviding for the 
supplementary hydrogen fuel. 
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152. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for production of pure 
hydrogen which includes the use of; 

a far outer impermeable hollow tubular cylinder nesting two mure concern rie 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder to-fee nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions o f said components, 
including next inner membrane and most inner membrane, with the annular space 
between the far outer and next-inner cylinders te-fee filled with a reforming catalyst in 
pellet or particle form which comes In gonttgt with tfw tmm hydw?arfrw, alcohols, 
sioam a nd carbon dioxide, w i th - th e cataly s t to h e in pellet or porti ele fefffh with ifey 
hydrogen product coming from the reforming reactio ns between hydrocarbons or alcohols 
wit h steam and carbon dj p x ide to-be continuously removed via permeation along the 
next-inner membrane wherein the next-inner membrane is made from an inorganic or 
composite material, with the remaining reaction species to partially peHneato pcrmeatinu 
as well via the next inner membrane, and with the permeated species to-be diluted by an 
inert carrier gas flowing along the next inner annular zone, with hydrogen only te-he 
continuously removed via permeation along the most inner membrane in order to allo w 
causing tor the continuous hydrogen withdrawal of hydrogen out of the far outer csitalyttc 
/one and for the continuous equilibrium shift of the said catalytic reforming reactions 
evolving within this zone, with the slid most inner membrane to-fce made from a metal or 
non-porous inorganic material permeable only to hydrogen, and with the permeate 
pe r meate d pure hydrogen to withdrawn along the moat inner cylindrical zone. 

B 
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153. (previously presented) The process of claim 152 wherein the next inner 
membrane is made from one or more materials selected from the group consisting or 
alumina, silica, titania, zirconia, yttria, and the most inner membrane made from one or 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
tungsten. 

154. (previously presented) The process . of claim 152 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of eomponenls selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, ethanol, 
propanol, butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gas containing methane, flue or waste gas containing methane, biomass and sewage gas 
containing methane. 
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155. (previously presented) The process of claim 152 wherein the combined 
Iced hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a ( H4 und CO> mixture, acidic natural gas containing CFI4 and OCX coal gas containing 

und CO2. landfill gas containing CH4 and CO*, biomass and sewage gas containing 
l '1 1 1 and CO2. Hue and waste gas mixture containing CH* and CO2. 

156. (currently amended) The process of claim 152, wherein the reject exit 
stream gln&mui fa* m the far outer and next inner annular zones to have the contained 
steam removed by condensation, and subsequently be passed through a membrane 
permeaioi^. wherein the contained in stream hydrogen and carbon dioxide are separated 
h\ permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeule side of the 
pcrmeator us a reject stream, with wherein the separated hydrogen and carbon dioxide 
product mixture te4* is used as a combined fuel-oxidant feed in a molten carbonate 
fuel cell. 

157. [ previously presented) The process of claim 156, wherein the reject 
si 1 cam from the pcrmeator containing each one or a mixture of unrencted hydrocarbons, 
alcohols, and carbon monoxide is fed in a consecutive steam reforming reaction /one for 
additional production of hydrogen and carbon dioxide gas products. 

J 58, t previously presented) The process of claim 1 56, wherein ihe reject stream 
from the pcrmeator containing each one or a mixture of unreacted hydrocarbons, alcohols. 
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:md carbon monoxide is recycled into ihc preceding catalytic Tar outer reforming zone for 
continuous reforming reaction. 

159. i currently amended) The process of claim 152, wherein the reject exit 
street* iireoms from the far outer and next inner annular zones to have the contain*! 
sleajn removed by condensation and subsequently passed through a cryogenic separator 
wherein the contained in stream hydrogen and carbon monoxide are separated as gases 
while the hydrocarbons, alcohols, and carbon dioxide are separated as condensed liquids 
and after heating are recycled back into the inlel of the preceding far outer catalytic 
reforming zone, wth wherein the separated hydrogen and carbon monoxide product 
mixture coming from the cryogenic separator to be ig used in jhg following listed 
consecutive applications^ for fuel gas in solid oxide and molten carbonate fuel cells, for 
fuel gas in gas turbines and gas engines. 

160. (previously presented) The process of claim 159 wherein the readmit 
h>drocarbon is methane and the reactant alcohol is methanol. 

161. (currently amended) The process of claim 159. wherein pan of the 
separated liquefied hydrocarbons, alcohols, and carbon dioxide components from the 
cryogenic separator aw is mixed with steam and fed into a consecutive reforming reaction 
/one for additional production of hydrogen and carbon monoxide which is used in ihc 
following listed consecutive applications^ for fuel gas in solid oxide and molten 
citrKunatc fuel cells* for fuel gas in gas turbines and gas engines. 

II 
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ll>2. (currently amended) The process of claim 152. wherein ihe reject exit 

stream consists of hydrogen, carbon monoxide, and unreacted steam which and enters as 
u fuel gas feed into a solid oxide or molten carbonate fuel cell for continuous generation 
of electricity, with wherein part or all of the permeate hydrogen coming oul of the 
preceding membrane zone te-be is fed as well in the fuel cell anode inlet tt> 
prtwide providing for supplementary hydrogen fuel feed, 

IfcJ. (currently amended) The process of claim 162 wherein the flue hot gas 

emitted by the fuel cell to-be is used for at least partial heating of the preceding far outer 
catalytic renctfon zone. 

164. (currently amended) The process of claim 162 wherein ihe flue hot gt* 
emitted by the fuel cell containing steam and carbon dioxide, t«-be is. recycled in the 
inlet ot the preceding far outer catalytic zone for use as a reactnnt in the -reforming 
reaction. 

165. (currently amended ) The process of claim 152 wherein the permeate 
InJrogtn from the membrane /one is used as fuel feed in a consecutive fuel cell for 
continuous generation of electricity, wkh wherein the fuel cell fc*-fee is one of the listed 
types: <olid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

It 
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J 66. ( currently amended ) The process of claim 165 wherein the flue hut gas emitted 
hy the fuel cell te~be is used for at least partial heating of the preceding Tar outer catalytic 
/cine. 

J67. (currently amended) The process of claim \6$ wherein the flue hot gas 

containing steam and carbon dioxide, emitted by the solid oxide and molten carbonate 
fuel cell, to-be is recycled in the inlet of the preceding far outer catalytic zone for use us a 
rcuctani in the reforming reaction. 

168. (currently amended) The process of claim 165, wherein the fuel cell is 
oft* cylindrical shape and its fuel anode encloses the cylindrical permreactor b ord e r t o 
rot'o i ve md consume by receiving and consuming directly the permeate hydrogen gas us 
fuel. &tnt<wi?h wherein the flue hot gas emitted by the fuel cell te-be is used for at least 
partial lieali ng of the enclosed far outer catalytic reforming /one. 

169. t currently amended ) The process of claim 1 52* wherein the reject exit 
stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in a gas engine or a gas turbine for continuous generation of electricity, wM* 
vyhexejn part or all of the permeate hydrogen coming out of the preceding membrane 
/one H*-be is. fed as well in the engine or turbine i n order to prov i d e providing for lb.w 
supplementary hydrogen fuel. 
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1 70, (currently amended) A process for conducting catalytic hydrocarbon reforming 
will) carbon dioxide, for production of pure hydrogen and carbon dioxide which includes 

u far outer impermeable hollow tubular cylinder nesting two more concentric 
pmncable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder t*-be nested within the next inner pemieable cylinder thus defining 
three different annular zones for the catalytic reformin g reactions of said components 
including next inner membrane and most inner membrane, with the annular space 
between the far outer and next-inner cylinders «e-be filled with a reforming catalyst in 
pellet or particle form which comes in contact with the reactant hydrocarbons Mid cftfrpn 
dioxide, with hydrogen and carbon dioxide coming from said reforming reactions t*-be 
continuously removed via permeation along the next-inner membrane wherein the next: 
iQOfif membrane is made from an inorganic or composite material, with the remaining 
reaction species partially permeate permeating as well via the next inner membntne and 
with the permeated species *e-be diluted by an inert carrier gas flowing along the next 
inner annular aone, with g§|d hydrogen and carbon dioxide species te-be continuously 
removed via permeation along the most inner membrane, causing for the continuous 
withdrawal of hvdroyen out of the far outer catalytic zone and for the COmjnuQMS 
equilibrium shift of said catalytic reformi ng reactions evolving within this zone, with the 
$$id most inner membrane te-be made from a polymer or inorganic material which Is 
permeable to both hydrogen and carbon dioxide species, with the permeated said binary 
hydrogen-carbon dioxide mixture te-be withdrawn by flowing along the most inner 
cylindrical zone. 
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171. mew) The process of claim 170 wherein the next inner membrane is made from 
one or more materials selected from the group consisting of alumina, silica, titaniu, 
zirconta, yttria, and the most inner membrano made from one or more materials selected 
from the group consisting of alumina, silica, titania, zirconia, yttria, polyimidcs, 
polycarbonates, polybenziimidazoles, polyphospazenes, polysulfoncs. 
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172. I previously presented) The process of claim 170 wherein the feed 
Imlrocflrhon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-buiane. i-butanc, methanol, ethnnol. 
pmpanol. buianol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
g.is containing methane, flue and waste gas containing methane, biomass and sewage gas 
containing methane. 

173. i previously presented) The process of claim 170 wherein the combined 
tVcd hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a CH A end CO: mixture* acidic natural gas containing CFUand CO*, coal gas containing 
U l 4 and CC 2 , landfill gas containing CH 4 and COu biomass and sewage gas containing 
CI 1 1 and CO>, flue and waste gas mixtures containing CM* and CO>. 

174. (.currently amended ) The process of claim 170 wherein the combined 
permeate from the membrane^ hydrogen and carbon dioxide gas mixture is consumed as 
rtal-oxidont in a consecutive molten carbonate fuel cell. 

175. (currently amended ) The process of claim 174 wherein the Rue hot gas 
emitted by the molten carbonate fuel cell te4* is used for at least partial heating of the 
preceding far outer catalytic reaction zone. 
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176. (currently amended ) The process or claim 174 wherein llue hoi gas 
emitted by the molten carbonate fuel cell containing carbon dioxide, te-be is recycled in 
the inlet of the preceding far outer catalytic zone tor use as reactnnt in the reforming 
reaction. 

177. (currently amended ) The process of claim 174, wherein the molten 
carbonate fuel cell is of a- cylindrical shape and its fuel anode encloses the cylindrical 
pcrmreiictor i n owterto rec e iv e and con s um e bv receiving and consuming directly as fuel 
the permeate hydrogen-carbon dioxide mixture, and w i th where in the flue hot gas 
emit led by the fuel cell te-be is used for at least partial heating of the enclosed lar outer 
catalytic reforming zone. 

178. (previously presented) The process of claim 170 wherein the reject exit 
stream consisting of hydrogen and carbon monoxide enters as fuel gas feed in the anode 
ul a consecutive solid oxide or molten carbonate fuel cell for continuous generation of 
electricity. 

179. \ currently amended ) The process of claim 1 78 with where in the Hue hot 
gas emitted by the solid oxide or molten carbonate fuel cell w-be is used for at least 
partial heating of the preceding far outer catalytic /one. 
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I HO. { currently amended ) The process of claim 1 78 with wherein lhe Hue hot 

gas emitted by lhe solid oxide or molten c arb onate fuel cell containing carbon dioxide. h» 
he is recycled in lhe inlet of the preceding far outer catalytic zone for use us rcnctanl in 
lhe reforming reaction. 

I XI. t currently amended ) The process of claim 170. wherein the reject exit 

si ream rich in hydrogen and carbon monoxide after steam condensation is used us fuel 
ft-cd in a gas engine or a gas turbine for continuous generation of electricity, **iib 
^herein part or all of the permeate hydrogen and carbon dioxide coming oui of the 
preceding membrane /one is fed as well in the engine or turbine in order to provide 
for supplementary hydrogen fuel. 
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